The , 240-m-thick Bijasan Ghat section exposes Deccan basalt flows and dykes that have major and trace element compositions suggestive of variable amounts of contamination by continental material. Most flows and a dyke are chemically similar to lavas of the Poladpur Formation in the southwestern Deccan. One flow and one dyke are similar to lavas of the Bushe Formation in the southwest, and one dyke is similar to lavas of the Mahabaleshwar Formation in the southwest. The type-sections of these formations are located , 350 km to the south of Bijasan Ghat, but many Poladpur-type lavas, a few Mahabaleshwar-like lavas and dykes, and a few broadly Bushe-like lavas and dykes have recently been identified in the Satpura region. Lavas resembling the thick Ambenali Fm. of the southwest are absent from Bijasan Ghat and nearby areas. Our data further extend the known outcrop area of Poladpur-like flows (estimated at $3 £ 10 5 km 2 ), one of the most widespread Deccan magma types. Seven 'giant plagioclase basalt' flows encountered in seven different sections in this region cannot unambiguously be correlated at present, either physically or chemically, and therefore are of little use in deciphering the complicated stratigraphic and structural make-up of the regional lava pile.
Introduction
Considerable advances have been made over the last two decades in understanding the regional lava stratigraphy of the Deccan flood basalt province of India (see Sen, 2001 for a recent review). The province has a present-day area of 500,000 km 2 (e.g. Wadia, 1975 ) on land and a large additional area offshore of western India; an unknown, but probably large amount of the province's original extent has been lost to erosion since the formation of the province , 65 million years ago (Ma). The Deccan lava pile is particularly well exposed in the southwestern part of the province (Fig. 1) in the Western Ghats range, and the stratigraphic framework of this region is now known quite well from extensive field, geochemical (including isotopic) and palaeomagnetic work (e.g. Cox and Hawkesworth, 1985; Beane et al., 1986; Subbarao, 1988; Lightfoot et al., 1990; Peng et al., 1994) . On the basis of geochemical characteristics and field markers, the Western Ghats sequence, with a total stratigraphic thickness of , 3,000 m, has been divided into three subgroups and eleven formations (Table 1) . Many of the formations have been subdivided into members and chemical types.
sections in the Tapi River valley and western Satpura Range, north of the Western Ghats (Sheth et al., 1997; Chandrasekharam et al., 1999 Chandrasekharam et al., , 2000 Mahoney et al., 2000) , has identified a considerable volume of Poladpurlike lavas and a few Mahabaleshwar-like and broadly Bushe-like lavas and dykes, as well as flows and dykes that have no known counterparts in the southwestern Deccan. Unlike the northeastern Deccan, no Ambenalitype lavas have been encountered in this region. Also, the broadly Bushe-and Mahabaleshwar-like lavas are not in the same stratigraphic order as in the southwestern Deccan.
The Satpura region is one of structural complexity; field relationships are often complicated and stratigraphic correlations unclear. As in the Western Ghats, geochemical characteristics of the lavas are a powerful tool for stratigraphic correlation, and for interpreting regional structure and tectonics. Here, we present major and trace element data for lava flows and dykes from the Bijasan Ghat section ( Fig. 1) and for a few 'giant plagioclase basalt' (GPB) flows from nearby sections, and discuss their implications for the regional stratigraphy and structure.
Regional geology
The Satpura Range constitutes a horst between two graben, the Narmada in the north and the Tapi in the south. The Narmada and Tapi rivers flow westward along the respective graben (Fig. 1) . A roughly linear tract of postDeccan-Traps (Tertiary -Recent) alluvium, , 350 km long and with an average width of 30 km, occupies the Tapi Table 1 Southwestern Deccan formation stratigraphy Valley, and isolated inliers of the Deccan Traps are exposed in it. The alluvium thickens from south to north, in general, and extends to a depth of , 200 m below mean sea level in places (as identified from borings), where it is . 400 m thick (e.g. Ravishanker, 1987) . On the basis of seismic reflection and refraction data, Kaila (1988) inferred the presence of Mesozoic sedimentary basins below the Deccan Traps in the Narmada and Tapi graben; the Narmada Mesozoic basin averages 1000 m deep and the Tapi Mesozoic basin 1800 m deep.
The Deccan lava pile in the Tapi Valley, seen in discontinuous sections, has a complex structure and shows variable, tectonically controlled dips in many places. Guha (1995) concluded that physical correlation of basalt flows across the Tapi Valley is not possible as there is not sufficient continuity between even nearby sections as a result of faulting. Moreover, he inferred the presence of major faults, both basin-marginal and sympathetic. Stratigraphic sequences must be deciphered for three isolated sectors: the southern (flows south of the alluvium), the central (flows of inliers exposed within the alluvium), and the northern (flows exposed north of the alluvium). Flow stratigraphic relationships remain largely unknown.
The contact between the Satpura horst and the Tapi graben is marked by the Satpura Foothill Fault, expressed by steep fault scarps along its 300-km-length (Guha, 1995) . However, although the exposed part of the Satpura Foothill Fault dips southward at a high angle, its geometry at depth is unknown. Available seismic profiles across the Tapi basin (Kaila, 1988) do not reveal any significant low-angle reflectors, but Guha (1995) suggested a 'domino-type' fault-block structure, possibly with a listric geometry, for the basin (Fig. 2) .
Bijasan Ghat is located near the boundary between the Tapi Valley and Satpura Range. The local Deccan lava pile dips north or northwest, and the dips appear to decrease northward. On National Highway 3, from Shirpur through Sangvi to Bijasan Ghat (Fig. 1) , several isolated outcrops of the lava flows exhibit southerly dipping colonnades, consistent with the northerly dips (, 15 -308) of the flows. At the highest point of the Bijasan Ghat traverse, however, the flows are horizontal and form small mesas. Similarly, in the foothills below Mt. Toranmal (1,152 m), cuestas with northerly dip-slopes have developed on the basalts, dipping north at about 58, but the main Toranmal massif is made up of nearly horizontal flows (Sheth, 1998; Mahoney et al., 2000) . Guha (1995) suggested that this variation in dip is a manifestation of step-faulting toward the south, with the dips of fault blocks decreasing toward the north (Fig. 2) .
Volcanic rock types other than basalt are not found in the region. The basalts are aphyric to highly phyric (mostly plagioclase-phyric), and several GPB flows are present. The GPBs have plagioclase phenocrysts . 2 cm, and as much as 5 cm, in length. Also seen are numerous inter-flow boles, which are most commonly red, but also green, brown, or black. They are up to 2 m thick, and represent soils or altered ash layers (e.g. Wilkins et al., 1994) . Basaltic and doleritic dykes are abundant and trend mostly ENE -WSW and E -W, and rarely N -S. Obvious feeder dykes (dykes passing into surface flows) were not observed.
3. Samples, petrography, and geochemical analytical methods Fig. 3 summarizes the stratigraphy of the Bijasan Ghat section and the locations of our samples, along with the stratigraphy of sections at Babakunvar Dongar and 3 km south of Boradi (Fig. 1) . Stratigraphic summaries of the Toranmal and Shahada ridge -Nandarde ridge sections can be found in Mahoney et al., (2000) ; Chandrasekharam et al., (1999) , respectively. The Bijasan Ghat section exposes mainly aphyric, 'simple' flows (thick flows with arge colonnade tiers). In thin section, microphenocrysts (phenocrysts smaller than , 0.25 mm, and discernible only under the microscope) of plagioclase, clinopyroxene and completely altered olivine are seen in small but variable amounts in most samples. The sample SH28, however, has microphenocrysts only of iron oxides. Plagioclase phenocrysts in the GPB SH26 are as long as 5 cm. Six other GPBs come from nearby sections, including the Babakunvar Dongar section and the section south of Boradi. Geochemical data for three of these GPBs have been published previously (Chandrasekharam et al., 1999; Mahoney et al., 2000) .
Major element concentrations were determined by X-ray fluorescence spectrometry and trace element abundances by inductively coupled plasma mass spectrometry on agateand alumina-ground powders at the University of Hawaii (Table 2) , following the methods of Norrish and Chapell (1977) and Jain and Neal (1996) , respectively. Sr abundances were measured by inductively coupled plasma atomic emission spectrometry at the Indian Institute of Technology, Bombay. (Guha, 1995) , with parallel, E-W-trending faults produced by N -S extension. The dips of individual faults systematically decrease with depth and to the south, and the northward dips of bedding become progressively steeper to the south.
Chemical characteristics
All Bijasan Ghat rocks are tholeiitic basalts, with normative hypersthene and quartz. 3 . Stratigraphic columns for the Bijasan Ghat and Babakunvar Dongar sections, and the section 3 km south of Boradi. Sample numbers (without prefixes) are shown in bold and elevations in italics. The plagioclase-phyric (pl-phyric) flows are divided into those with large (lg., $10 mm) and small (sm., ,10 mm) plagioclase phenocrysts. Flow boundaries shown as continuous lines were observed in outcrop, whereas those shown as dashed lines are not exposed but were inferred from the presence of features indicating proximity to a flow boundary (e.g. vesicular or amygdaloidal zones, breccias, significant petrographic changes). Note that a flow boundary must also exist in the zone of no exposure between the locations of samples 32 and 33, because these samples have very different geochemical characteristics. Relative uncertainties on major and minor elements are ,1%, and for SiO 2 , ,0.5%. For trace elements at .0.4 ppm in the rock, the relative uncertainty for most elements is 3.5% or better (range is 1-5%). An indication of accuracy is given by measured and recommended (mainly from Govindaraju, 1989) values for standard rock BHVO-1. Fe 2 O 3 * is total iron measured as Fe 2 O 3 . The GPB SH7 was sampled along the National Highway 3 between Shirpur and Sangvi at an elevation of 240 m.
5.80 wt.%). Alteration has arguably caused some redistribution of the mobile elements in some of the samples (see below), as K, Rb and often U can be affected at rather modest levels of alteration, and Ba and Na can be affected at higher levels (e.g. Cox and Hawkesworth, 1985; Mahoney et al., 1985 Mahoney et al., , 2000 Beane et al., 1986; Lightfoot and Hawkesworth, 1988) . With advanced subaerial alteration, many more elements, including Si, Ca, P, Ni, Sr, Y and the lanthanide rare earths, can be affected, although elements such as Al, Nb, Zr, Fe, Cr and Ti are relatively resistant (e.g. Mahoney et al., 2000 and references therein).
The primitive-mantle-normalized multielement patterns of the Bijasan Ghat flows and dykes are consistent with variable contamination. Several flows have very similar patterns. For example, flows SH33 and SH35 are chemically very similar (Fig. 4a) , with distinct Pb peaks, and Nb-Ta, Sr, P and Eu troughs, characteristics consistent with contamination by many types of continental crust and, for Sr, Eu, and P, control by plagioclase and apatite fractionation. Although SH35 has an even higher LOI value (5.80 wt.%) than SH33 (4.24 wt.%), SH33 shows a pronounced K trough and lower Rb and Ba than SH35, probably a result of loss caused by alteration. For many elements, both patterns broadly resemble that produced by 5% bulk contamination of average Ambenali Fm. magma (the formation least affected by continental material) by average Archaean felsic crust (Fig. 4a) . Note that the lavas have even lower Nb/La and Ta/La than provided by this particular mixture, however.
Flows SH36 and SH39 and dyke SH37 are likewise very similar in most elements (Fig. 4b) , with distinct Pb peaks and pronounced lows at Rb and K, the latter probably largely a result of alteration. SH36 shows a peak at Th and U. All three patterns also have small but distinct troughs at P and Eu, and the SH37 pattern has a pronounced Sr trough. In contrast to SH33 and SH35, these three samples do not show a depletion in Nb or Ta relative to La.
Patterns for the dyke SH25 and flows SH28 and SH29 (Fig. 4c ) also exhibit distinct Pb peaks and Sr and P troughs, and small Eu troughs. (Nb/La) N and (Ta/La) N vary from , 1 Fig. 4 . Primitive-mantle-normalized multielement patterns for Bijasan Ghat flows and dykes and Satpura-Tapi GPBs. Similar patterns are grouped together in each panel. Patterns of hypothetical bulk mixtures of Ambenali or average T-MORB magmas and average Archaean felsic crust (Rudnick and Fountain, 1995) are also shown for comparison in panels a and d. T-MORB represents a 50:50 mixture of average N-MORB (normal-MORB) and average E-MORB (enriched-MORB). MORB compositions and the primitive-mantle normalizing values are from Sun and McDonough (1989) . In panel a, the Ambenali average pattern (see Mahoney et al., 2000 for data sources) was adjusted to the same Lu-value as that of SH33 and SH35 (by multiplying the Ambenali abundances by 0.88) in order to minimize differences related to different amounts of crystal fractionation. In panel d, the T-MORB values were multiplied by 1.26 to obtain the same Lu value as that of SH32, and the Ambenali values were multiplied by 0.81 to adjust the Ambenali pattern to the same Lu value as that of SH20.
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(SH28) to , 1, where N is the estimated primitive mantle ratio (Sun and McDonough, 1989) . The dyke SH25 appears to have lost Rb, K, and U and has a marked Ti peak.
The patterns for dyke SH20 and flow SH32 (Fig. 4d ) have more pronounced Pb peaks and larger troughs at Nb and Ta. The lows at P, Sr, and Eu are variable. SH20 has a small Ti peak, whereas SH32 shows a Th-U peak. The dyke SH20 may have lost some U, whereas SH32 may have lost Rb and K. The Ambenali magma type of the Deccan resembles average T-MORB (transitional MORB) in isotopic characteristics and many element ratios (e.g. Mahoney, 1988; Lightfoot and Hawkesworth, 1988) , and the SH32 pattern is rather similar, from Nb to Lu, to a hypothetical 75:25 mixture of T-MORB and average Archaean felsic crust. The pattern of the dyke SH20 is only roughly similar to it, because SH20 has significantly higher concentrations of the middle rare earths (Sm -Tb) and Sr, P, and Ti.
Patterns for GPBs of the region ( Fig. 4e and f) all have distinct Pb peaks, and all except SH105 have P troughs. All GPBs except SH26 (from Bijasan Ghat) also have Sr troughs, and many have small troughs at Eu. Several (Fig. 4e) have pronounced Nb -Ta troughs and two have K peaks and Rb N . Th N . The GPBs SH47 and SH105 lack Nb -Ta troughs (Fig. 4f) . As a group, the GPBs are more enriched in the light rare earths than the other flows and dykes, with (La/Sm) N ¼ 2.69 2 3.18 and (La/ Yb) N ¼ 4.87 2 8.51. In comparison, the Bijasan Ghat basalts have (La/Sm) N ¼ 1.29 2 2.82 and (La/ Yb) N ¼ 2.85 2 5.75.
Regional geochemical comparisons and stratigraphic correlation
To compare our samples to the geochemically wellcharacterized southwestern Deccan formations, we used three approaches: (i) binary plots of incompatible element abundances and element-element ratios, (ii) comparison of the primitive-mantle-normalized multielement patterns of the Bijasan Ghat samples with patterns of the southwestern lavas, and (iii) discriminant function analysis employing major elements and several commonly analyzed trace elements.
Binary chemical diagrams
The Nb/Zr ratio changes little even during extreme alteration and is therefore one of the more useful in petrogenetic interpretation of altered basalt (e.g. Mitchell and Widdowson, 1991; Widdowson et al., 2000) . Fig. 5a is a plot of Nb/Zr vs. Ba/Y. Y is also resistant to alteration, and Ba is less mobile than K or Rb. Both ratios are insensitive to fractional crystallization of minerals common in basalt. Data for the Bijasan Ghat flow samples and dykes SH20 and SH37 fall within the Poladpur Fm. field, mostly in the area of overlap among it and the Khandala, Ambenali and Bushe Fm. fields. The data point for dyke SH25 falls within the Mahabaleshwar Fm field. In plots of Sr vs. Nb/Zr (Fig. 5b) and of Ba/Zr vs. Nb/Zr (Fig. 5c) , data for most Bijasan Ghat flow samples are again seen to plot in the area of overlap between the Poladpur, Khandala, Ambenali and Bushe Fm. fields. The data point for dyke SH25 again lies well within the Mahabaleshwar Fm. field in Fig. 5a and b. In a plot of Nb/Y vs. Rb/Y (Fig. 5d) , most Bijasan Ghat flow samples fall again within the area of overlap between the Poladpur, Ambenali and Bushe Fm. fields, and the data point for dyke SH25 falls within the Ambenali Fm. field, just outside the edge of the Mahabaleshwar Fm. field.
Thus, based on the element-ratio plots, most of the Bijasan Ghat rocks could be grouped with either the Poladpur or Ambenali Fms. The difficulty of distinguishing some Ambenali and Poladpur compositions on the basis of the most commonly analyzed trace elements is well recognized (e.g. Cox and Hawkesworth, 1985; Devey and Lightfoot, 1986) . Lightfoot et al. (1990) proposed that Ba contents can be used to distinguish between Ambenali and Poladpur lavas, with the Ambenali generally having , 100 ppm Ba and the Poladpur generally . 100 ppm Ba. We disagree; Ba is certainly useful in discriminating the Mahabaleshwar Fm. (Ba . 100 ppm) from the Ambenali Fm., but all Ambenali Fm. flows and the great majority of Poladpur Fm. flows contain Ba , 100 ppm (Beane, 1988; P.R. Hooper, pers. comm., 2003) , the exception being a group of coarsely plagioclase-phyric Poladpur Fm. flows. Five of the Bijasan Ghat flows have Ba p100 ppm; another flow (SH28) and a dyke (SH25) have values of , 100 ppm within analytical error. Because Ba may have been somewhat mobile during alteration, the Ba evidence is somewhat ambiguous. The best evidence, in the absence of isotopic data, for the Poladpur-Fm. affinity of the Bijasan Ghat flows in question is the large Pb spikes in their primitive-mantlenormalized multielement patterns (Fig. 4) . These flows are evidently contaminated by Pb-rich continental material, and therefore none of them can be linked with the Ambenali Fm.
Comparison of multielement patterns
The primitive-mantle-normalized multielement patterns of flows SH28 and SH29 (Fig. 6a) are rather similar to that of the Visapur member of the Poladpur Fm. in most elements, whereas they are distinct from the Ambenali Fm. pattern in their large Pb peaks, relative enrichments in Rb, Ba, Th and U, and in Nb -Ta -La relationships. Like Poladpur Fm. lavas, the Bijasan Ghat samples have much flatter patterns than Khandala Fm. lavas. Patterns for Bijasan Ghat flows SH33 and SH35 and, to a lesser extent, flows SH36 and SH39 and dyke SH37, also are Poladpurlike ( Fig. 6b and c) .
Bushe Fm. patterns are flatter than those of the Poladpur from Sr to Lu, and have much larger Pb peaks and more pronounced Nb -Ta and Ti troughs, in particular (e.g. Lightfoot et al., 1990; Mahoney et al., 2000) . Bijasan Ghat flow SH32 has Bushe-type characteristics, the closest Bushe Fm. member to flow SH32 being the Pingalvadi (Fig. 6d) . SH32, however, has a lower Sr abundance than Bushe Fm. basalts and its pattern also shows a sizeable Eu -Ti trough. Broadly Bushe-like patterns have been reported for dyke SH49 from Boradi (Chandrasekharam et al., 1999) and several flows (e.g. SH114) from Toranmal (Mahoney et al., 2000) . The dyke SH20 also shows a few similarities with the Bushe Fm., but is much more enriched in the elements from Sr to Tb (Fig. 6e) . The pattern of the dyke SH25, however, is similar to the average Mahabaleshwar Fm. pattern in many elements except, in particular, for the higher Nb/La and Ta/La and a much larger Ti peak in the SH25 pattern (Fig. 6f) . Also shown for comparison in Fig. 6f are patterns of Mahabaleshwar-like dyke SH41 from the Shahada ridge (Chandrasekharam et al., 1999) and Mahabaleshwar-like flow SH115 from Toranmal (Mahoney et al., 2000) .
In summary, none of the Bijasan Ghat patterns resembles the Ambenali Fm. pattern. Ambenali-like lavas are also absent in the nearby Toranmal section (Mahoney et al., 2000) . Patterns of most Bijasan Ghat flows and dyke SH37 are similar to those of the Poladpur Fm. in the southwestern Deccan, whereas flow SH32 and dyke SH20 display general similarities to Bushe Fm. lavas. However, the Bushe Fm. underlies the Poladpur Fm. (Table 1) . Therefore, the Bushelike flow SH32, sandwiched between a group of Poladpurlike flows, cannot be correlated with the Bushe Fm. if the Poladpur-like Bijasan Ghat flows in fact belong to the Poladpur Fm. Peng et al. (1998) and Mahoney et al. (2000) also found several broadly Bushe-like flows interspersed within thick Wai-Subgroup-type sequences in the northeastern Deccan and at Toranmal, respectively; these flows have combined Nd -Sr -Pb isotopic characteristics outside the range measured for Bushe Fm. lavas. On the other hand, the presence of the rather Mahabaleshwar-Fm.-like dyke SH25 within a Poladpur-Fm.-like lava sequence is consistent with the southwestern Deccan stratigraphic order, and with relationships in sections near Shahada and Nandarde, which expose Poladpur-Fm.-type lavas intruded by Mahabaleshwar-Fm.-like dykes ( Fig. 1 ; Sheth et al., 1997; Chandrasekharam et al., 1999 Chandrasekharam et al., , 2000 .
Discriminant function analysis
To further evaluate the Bijasan Ghat basalts, we performed a discriminant function analysis using the major elements and several of the most commonly analyzed trace elements, a southwestern Deccan data set consisting of 623 samples from all the southwestern formations except the Panhala, and the SPSS 7.5 for Windows (Student Version) software. Data for the rare earths, Pb, Th, U, etc. are available for a relatively small number of southwestern Deccan basalts; hence, these elements were not used. Following Peng et al. (1998) and Mahoney et al. (2000) , no derived variables (Zr/Y, Mg#, etc.) were used, and Cr was not used because of contamination problems with some of the southwestern Deccan Cr analyses. Among the major elements, MnO was excluded because some of the southwestern Deccan samples lack Mn data and many measurements are of low precision, yet the range of values is very limited (, 0.18 2 0.22 wt.%). Na 2 O was not used because of its limited range of variation, variable analytical quality in the southwestern data set, and alteration effects in some samples. The trace elements used were Ba, Ni, Sr, Zr, Y, and Nb. We performed the analysis both with and without K 2 O as a discriminating variable and obtained virtually identical results. We also performed the analysis both with and without Fe 2 O 3 *, MgO and Ni (elements whose concentrations can show significant intra-flow variation as a result of local fractional crystallization or phenocryst accumulation). The best separation between the southwestern formation fields was achieved when K 2 O, Fe 2 O 3 *, MgO and Ni were not used as discriminating variables, and the results of this analysis are reported here.
For the analysis, both the southwestern Deccan and Bijasan Ghat data were transformed to standardized values (Z-scores). The program calculated the F-statistic (essentially the ratio of between-group variability to within-group variability) for each variable, and the discriminant functions, group centroids, and Mahalanobis distance of each sample from the closest formation centroid. For the southwestern Deccan data set, eight canonical discriminant functions were obtained. The first two functions together account for 76.2% of the total variance in the southwestern Deccan data set, and 80.3% of the southwestern Deccan samples, when run as unknowns, were classified correctly; i.e., matched with their correct formations (cf. Peng et al., 1998) . Table 3 summarizes the results of the analysis for the Bijasan Ghat samples and GPBs, listing the closest southwestern-formation matches (if any), the corresponding Mahalanobis distances, and the scores of the first two discriminant functions. These scores are plotted in Fig. 7 , which also shows the fields defined by the relevant southwestern Deccan formations. Five Bijasan Ghat samples were matched with the Ambenali and two with the Poladpur at relatively small Mahalanobis distances. Flows SH28 and SH29 were grouped with the Poladpur Fm., consistent with the shapes of their normalized multielement patterns and their positions in Fig. 5 . Flows SH33, SH35, SH36 and SH39, and dyke SH37, were grouped with the Ambenali Fm., although these basalts are most similar to the Poladpur Fm. in their normalized multielement patterns. Noting the overlap in abundances of the commonly analyzed elements between the Poladpur and Ambenali Fms., Mahoney et al. (2000) also observed that several isotopically Poladpur-like basalts with Poladpur-type multielement patterns in the Toranmal section were matched with the Ambenali Fm. in discriminant function analysis. We interpret the combined major and trace element data and discriminant function analysis results to indicate an overall Poladpur-type affinity for these Bijasan Ghat basalts.
Flow SH32 was grouped with the Bushe Fm., which is consistent with its Bushe-like multielement pattern. Dykes SH20 and SH25 were not matched with any formation, although the normalized multielement pattern of SH25 rather resembles the average Mahabaleshwar Fm. pattern and in Fig. 7 the SH25 data point is closest to the Mahabaleshwar Fm. field. The GPBs SH26 and SH55 could not be matched with any formation but GPB SH7 from the Shirpur -Sangvi traverse was matched with the Khandala Fm., and GPB SH63 from the Babakunvar Dongar section with the Igatpuri-Jawhar Fms., both at rather large Mahalanobis distances. The significance of the matches for the GPBs is not clear, as the samples are rich in phenocrysts and may contain excess phenocrysts.
The GPBs, and structural complications
The usefulness of GPB flows as field and chemical markers in the stratigraphy of the lower part (Kalsubai Bijasan Ghat flows are listed in order of decreasing elevation. Samples with Mahalanobis distance .24 (corresponding to a probability ,0.002) are shown with question marks. Subgroup) of the Western Ghats sequence has been well documented . The Kalsubai Subgroup has six GPBs. They are not present together in any single vertical section and are all similar in appearance. Therefore, the chances of miscorrelation in the field are high, and chemical 'fingerprinting' is required to check stratigraphic correlations. Despite the wide compositional range of each GPB, all can be distinguished straightforwardly on chemical variation diagrams and/or with isotopic ratios Peng et al., 1994) .
In the southwestern Deccan, GPBs are found only within the lower formations (Kalsubai Subgroup). The presence of several GPBs in chemically Wai-Subgroup-like sequences in the Satpura -Tapi region suggests that the region's eruptive history is at least partly independent of the southwestern Deccan's. Most highly plagioclase-phyric flows and GPBs may not have flowed great distances, because of their expected high viscosity (e.g. Mahoney, 1988) . If so, the GPBs of the Satpura -Tapi region are unlikely to be stratigraphically equivalent to any of the GPBs of the Kalsubai Subgroup.
In the Satpura -Tapi region, no section we have studied has more than one GPB flow. Within this region, field-based correlation of the GPBs is rendered impossible by faulting, erosion, and discontinuous exposures. Therefore, geochemical data are essential for correlation. Consider the following ratios of incompatible, alteration-resistant elements in three of the Satpura -Tapi GPBs: Shahada ridge GPB SH47: Nb/Zr ¼ 0.12 (^0.008), Nb/Y ¼ 0.60 (^0.042); Nandarde ridge GPB SH52: Nb/Zr ¼ 0.08 (^0.006), Nb/Y ¼ 0.35 (^0.024); Toranmal GPB SH105: Nb/Zr ¼ 0.12 (^0.008), Nb/Y ¼ 0.45 (^0.031). (The 2s errors on these ratios are 7%, calculated using a value of 5% (the maximum) for errors on individual element concentrations.) SH47 appears very similar to SH105 in many alteration-resistant incompatible elements (Table 4 ; Fig. 4f ), but there are also significant differences between the two; particularly in the heavy rare earths. SH47 has phenocrysts only of plagioclase, whereas SH105 also contains microphenocrysts of plagioclase, olivine, and clinopyroxene. For these two flows, ratios of the light rare earths to the heavy ones (e.g. La/Yb) are also substantially different. Also, based on available chemical and isotopic data (Chandrasekharam et al., 1999; Mahoney et al., 2000) , no lava flow overlying the Shahada ridge GPB can be correlated with any flow overlying the Toranmal GPB.
The Nandarde ridge GPB (SH52) may be the same as the GPB sampled 3 km south of Boradi (SH55) because the normalized multielement patterns and key inter-element ratios for both are similar (Fig. 4e, Table 4 ). However, some ratios are substantially different (e.g. Nb/Th, Zr/Y). Note that the Nandarde ridge and the section 3 km south of Boradi are only a few kilometres apart, although there is no physical continuity between them.
Like the Toranmal section, the Bijasan Ghat section is made up mostly of simple flows with large colonnades. Yet the GPBs (Toranmal: SH105, Bijasan Ghat: SH26) are different ( Fig. 4e and f ; Table 4 ); for example, SH105 Nb/ Zr ¼ 0.12 (^0.008); SH26 Nb/Zr ¼ 0.08 (^0.006). Also, the Shirpur -Sangvi GPB SH7 appears distinct from the Bijasan Ghat GPB SH26, SH7 having Nb/Zr ¼ 0.06 (^0.004). The Bijasan Ghat and Babakunvar Dongar sections are both situated along the same segment of the Satpura range (Fig. 1) , and are both made up of simple flows. The Bijasan Ghat GPB SH26 is very similar to the Babakunvar Dongar GPB SH63 in ratios of the alterationresistant incompatible elements (e.g. Nb/Zr, Nb/Th, Nb/Pb and Nb/Y; Table 4 ). The primitive-mantle-normalized patterns of both ( Fig. 4e and f) are also similar in many elements except, in particular, for the negative Sr and Eu anomalies in the SH63 pattern, which the SH26 pattern lacks. We conclude that the seven GPBs in our area of study are not correlateable based on the existing geochemical data, with the possible exception of SH52 and SH55, and SH26 and SH63. Isotopic data are required for the unambiguous correlation of these GPBs. Presently, however, the GPBs of this region, unlike those of the Western Ghats, appear not to be very useful as either field or chemical stratigraphic marker horizons.
Discussion and concluding remarks
The existence of Poladpur-like basalts along the Bijasan Ghat section is not too surprising, because chemically and isotopically Poladpur-like basalts constitute a large part of the thick Toranmal section only , 70 km away. A few broadly Mahabaleshwar-like and Bushe-like flows are also present at Toranmal. Noting the presence of Bushe-like dykes at Toranmal and in the Tapi Valley (Sheth, 1998; Chandrasekharam et al., 1999) , and that the Bushe-like Toranmal flows are not in the southwestern Deccan stratigraphic order, Mahoney et al. (2000) suggested that the Bushe-like flows may have had relatively local feeder vents. The Bushe-like Bijasan Ghat flow SH32, sandwiched between Poladpur-like flows, also may have had a relatively local source. Subbarao et al. (1994) noted that the southerly regional formational dips of the southwestern Deccan flatten out and become slightly northerly to the north of Igatpuri and slightly easterly to the east of Igatpuri. Also, the lower formations (Kalsubai Subgroup) extend north to Kondaibar, near the Tapi River, and appear to dip below the surface south of the latitude of Toranmal. These observations are consistent with the presence of Poladpur-like flows at Toranmal and Bijasan Ghat. Wai-Subgroup-like lavas are also known from the area between Buldana and Igatpuri Peng, 1998) , and from the northeastern Deccan (Mahoney, 1988; Peng et al., 1998) . Flows with Poladpur-and Khandala-like chemical compositions dominate at Mhow, with a few Bushe-like flows, and Ambenali-like flows are absent. The Jabalpur and Chikaldara areas have Ambenali-type basalts above Poladpur-like lavas, which are in turn underlain by lavas resembling some members of the Khandala Fm . However, most of the northeastern Poladpur-and Khandalalike lavas are different from the chemically similar southwestern basalts in having consistently higher 206 Pb/ 204 Pb ratios, and Peng et al. (1998) argued that they must have erupted from different vents than the southwestern basalts. Importantly, Khandala-and Poladpur-like dykes remain to be found in the northeast or elsewhere in the Deccan.
Our work, along with other recent studies (e.g. Peng et al., 1998; Chandrasekharam et al., 1999; Mahoney et al., 2000; Widdowson et al., 2000; Sano et al., 2001 ), confirms that several major magma types or formations defined in the southwestern Deccan have a substantial geographic distribution; in particular, Poladpur-type basalts are some of the most widespread, found in locations as far apart as 800 km, and with a possible original extent of $ 3 £ 10 5 km 2 ; i.e. about 60% of the present-day area of the Deccan province. The Ambenali Fm. is also widespread; the reason for its absence in sections such as Bijasan Ghat (present work), Toranmal (Mahoney et al., 2000) , Shahada and Nandarde ridges (Chandrasekharam et al., 1999) , and Mhow is as yet unknown. Continued sampling and chemical and isotopic characterization of sections in the Satpura -Tapi -Narmada region will provide valuable insights into the stratigraphy and structure of this vast volcanic province. 
